Abstract-This paper presents a fuzzy-based indoor positioning system (IPS) by using the information of neighbor points to estimate the location of object. An 8x8 square meters indoor area was used as the experimental area. In the experimental field, the received signal strength (RSS) of 288 points, 392 points, 440 points and 704 points were sensed and collected by a hexagonal positioning station which is composed of six printed-circuit board SPARKLAN AX-106M antennas and Zigbee module. The sensed RSS values are then used to be the information of fuzzy system for the object's position estimation. From the experimental results shown, the proposed IPS and fuzzy estimation method do have the accurate positioning performance and indeed has the potential in the real application.
I. INTRODUCTION
Due to the rapid development of wireless communication techniques and personal networks, IPS has been widely used to locate people and objects in the indoor environments and several survey reports are also presented [1] - [3] . For instance, in large shopping malls, airports and hospitals, IPS can be used for navigation. IPS can also be used as the rescue tool while the disaster was happened in a large building. It is able to help the rescue team to find those people who need the help.
A complete IPS is mainly composed of two parts, i.e., the positioning estimation algorithm and the sensing hardware infrastructure. The positioning estimation algorithm is a calculation method for determining the object's location. So far, triangulation [4] , [5] , scene analysis [6] , [7] and proximity [8] , [9] are three main estimation algorithms used as the positioning works. Each algorithm has its specific advantages and disadvantages. For sensing hardware infrastructure, many wireless communication technologies have been wildly used in the sensing system of IPS. However, due to the demand of different functions and equipment, the sensing hardware infrastructure can be classified as wireless local area network (WLAN) [10] - [12] , wireless sensor Chih-Yung Chen is with the Computer and Communication Department, Shu-Te University, Kaohsiung, Taiwan (e-mail: mikechen@stu.edu.tw ).
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network (WSN) [13] , [14] , radio frequency identification (RFID) [15] , [16] , Bluetooth [17] , [18] and Zigbee [19] , [20] , etc.
In recent years, due to the application of expert experience becomes increasingly important, fuzzy theory has been widely used in different fields. It is a theory which can formulate human knowledge in a systematic manner and put it into the mechanism developed for a specific using. Thus, fuzzy theory used for IPS development has also been studied in several articles [21] - [27] .
In this research, a fuzzy-based IPS is used to perform the object's location estimation. The positioning station composed of six printed-circuit board SPARKLAN AX-106M antennas and Zigbee modules is used to sense the RSS signals [28] . The detailed IPS hardware, fuzzy calculation model and positioning experiments will be described in the following sections.
II. IPS HARDWARE INFRASTRUCTURE
In our study, IPS is developed based on the wireless sensing network technology. The whole IPS includes positioning antenna array design, signal strength acquisition, reference database construction and positioning algorithm [29] . The positioning sector antenna array is composed of six SPARKLAN AX-106M antennas. The Zigbee module is used for transmitting and receiving signals. The sector antenna array is shown in Fig. 1 . The whole IPS structure is presented in Fig. 2 which includes IPS station and positioning device. 
III. FUZZY ESTIMATION ALGORITHM
It is known that fuzzy theory was initialized by Professor Lotfi Zadeh in 1965. It has been widely applied into many fields including the various engineering and social science applications [30] . Basically, a fuzzy system is a knowledge-based or rule-based system. Its heart is a knowledge base consisting of many fuzzy IF-THEN rules.
The IF-THEN rule can be treated as an IF-THEN statement which standards an expert knowledge or experience. A completed fuzzy system is mainly composed of four parts, i.e. fuzzifier, fuzzy rule base, fuzzy inference engine and defuzzifier. The fuzzifer plays the role to make the crisp information become the fuzzy information. It generates a mapping from a real-valued point to a fuzzy set. Contrary, defuzzifer plays the role to make the fuzzy information become the crisp information. It is a mapping from a fuzzy set to a real-valued point. The fuzzy rule base is composed of a set of fuzzy IF-THEN rules. Each rule is created based on the knowledge or experience of the expert. It is the heart of the whole fuzzy system. The fuzzy inference engine can be treated as a fuzzy logic principle. It combines the fuzzy IF-THEN rules in rule base to obtain an appropriate mapping from a fuzzy set in fuzzifier to a fuzzy set of defuzzifier. Fig.  3 shows the fuzzy estimator developed for our IPS. In our study, the coordinate of object is expected to be estimated by fuzzy IPS. At here, let C be a set of class vectors, i.e. IPS reference database, which is given by If there are N points in the reference database, then m = 1, 2, …, N. In the fuzzy mechanism, the fuzzifier is Gaussian function which can be expressed by
σ is the smoothing parameter of Gaussian function.
The fuzzy inference engine is the combination of the product inference engine with algebraic product for t-norm operator. The fuzzy relation inference value then can be calculated by
The center average defuzzifier listed as follows is used to estimate the coordinate values of object position. Vol. 7, No. 3, September 2018 blind node are selected for doing the positioning calculation. In other words, for each blind node, only 10 closest neighbor points are used in fuzzy positioning estimation.
In first experiment, 288 sensing points are used as the reference nodes of IPS, and then test the positioning accuracies of other three sets of blind nodes, i.e., 392 points, 440 points and 704 points. Table I lists the mean absolute errors of positioning estimations under the 288-based reference nodes. In second experiment, 392 sensing points are used as the reference nodes, the other three sets of blind nodes, i.e., 288 points, 440 points and 704 points are tested. Table II lists the mean absolute errors of positioning estimations under the 392-based reference nodes. In third experiment, 440 sensing points are changed to be the reference nodes, the other three sets of blind nodes, i.e., 288 points, 392 points and 704 points are tested. Table III lists the mean absolute errors of positioning estimations under the 440-based reference nodes. In last experiment, 704 sensing points are the reference nodes, and the other three sets of blind nodes, i.e., 288 points, 392 points and 440 points are tested. 
V. CONCLUSION
This research presents a sectored antenna array indoor positioning system by using fuzzy estimation algorithm. Four experiments were executed based on different reference database. From the experimental results shown, we found that the positioning errors performed by fuzzy estimator become more accurate under the case of more reference nodes are obtained. Besides, in each experiment, the positioning accuracy is highly related to the σ vale. In fact, such a situation is foreseeable. It means the closer neighbor point should have larger weight and play more important role in the positioning performance. We believe that the positioning accuracy could be greatly improved if there are more reference nodes could be obtained. It also means that the proposed IPS system developed do have more potential in its real application.
